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(54) METHOD FOR FORMING THIN HIGH-TEMPERATURE SUPERCONDUCTING FILM 

(57)Abstract: 

PURPOSE: To produce a superconducting film having high critical concentration 
by using a gaseous mixture of ozone, nitrogen oxide, oxygen, etc., as a source for 
generating active oxygen free radical in the formation of a thin high-temperature 
superconducting film by a molecular beam epitaxial process. 
CONSTITUTION: A thin SmBaCuO superconducting film is formed on a surface of 
an MgO single crystal substrate 1 by molecular beam epitaxy by the following 
procedure. A vessel is evacuated with an evacuation system 6, metal sources 5 
such as Sm, Ba, Cu, etc., used as evaporation sources are heated and evaporated 
and the metals are supplied to the substrate 1 in the form of molecular beams. At 
the same time, an 02 free radical generation source 9 excited by plasma is used 
as a source for generating active oxygen radical as an oxidizing agent and the 
substrate 1 is supplied with an oxygen free radical beam consisting of ozone, N 
oxides (e.g. N20 and NO 2), active oxygen free radical or their mixture 10 to form 
a thin SmBaCUO- based superconducting in film having high critical concentration 
on the surface of the substrate. A superconducting film having further increased 
critical concentration can be produced by adding a specific amount of water to 
the oxidizing gas used as the oxygen free radical generation source. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the examiner s 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of rejection] 

[Date of requesting appeal against examiner s decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://^wwl9Jpdl.ncipi.goJp/PA1/result/detail/mai 2005/03/25 



* <* 



(19)H*fiHWF/r UP) (12) ^ ^ i|# fj= ^ ^ (A) (11)«*HJ«£««- 

#HFF5- 194085 

C43)&H B 5 ^(1993) 8 M 3 B 



V.5U Int-Cl* 


msmn 






r i 


iXylvf3*£2J> EBJ 171 


C3 OB <so/0o 


ZAA M 


9040 


— 4U 






C 0 1 G 1/00 


S 


7305- 


— 4G 






3/00 


ZAA 


7305- 


— 4G 






o rv T> OCT /AO 

C 3 0 B 25/02 


ZAA Z 


9040 


~4G 






#v> Inn 

29/22 


5 0 1 E 


7821- 


~ 4G 












1 








#fi|*F4-11096 






(71)tbraA 


000005223 














(22)tBSB 


^4^(1992)1^248 






i ifti i wm4«KJ:<hffl*ioi5#» 










(72)#fcHJ^ 














»^JIIi*il»m4 3 iSE±/hBB*1015#ifi 


























































(74)f^SLA 




(54) isemozm 




mm 









(57) [gifc-j] 

[gtfj] MBEffi*ffllr>^lS»Jfillfb«©i(S«Bfi 




•I 



C2) 

1 

[#i*W5fc©ffiffl] 

m^m i ] mb E&zm^x&f&ftmmitWKDmu 

is t, > & c t £#g& i s > art Bissau® ai© jess* 
& 

itfiaiS£2gSK©»*fcfrft. 10 

c n$g( 3 ] nmm 2 Efw>*»«K*w»fc * 

i^fcB*55*#.fl/©8£8Kc»A"rsc tZft&f? 
-5. Si*ajBi3»?fJ8©J&ifcfrft. 

[0 0 0 n 
[0 00 2] 

[Sf*©^*5j:^ia*iis^u«t5 i-rsasi ^fiS 20 

ftSYBa, Cu 3 0 7 _. ) ©JBfifc&ffitCtt. A£<JE 

ffluaKS. ij«t[;cvDft©3a*!fti. 

C tl 6© 3 S©rtTMfilJfflJttk:S:kMftT I * S <DitM 
^gxb^tJ/- (MB E) ft. U— 

&ti«£t. ^$n-sse««Ej«©)RK. 8 

«©ttSt^i^JSHB!©Wlfflltt»***T MB Eft 

[0 0 0 3 ] C©MBE8*t82*#J»OT8HliTS. 30 
02&Ctet,>T 1 1M&K, 1 2Btital/-jr, 13 

as. 1 5 iz&iKmmic £&mMm. 1 evxasftstak* 

1 7 »SftASi«'7IU»r (RHEED) *fr 5 /c#© 

[0004] *'^Ati) 

KfeUTk^B^tCffitoft-CUSMBEftiB. 02 
{c^-r^^tc. ^JItc^I O-'Tor rllOiWE^ 

^2±T?»n^$tl^»«l liKfiSftStfS^ffir* 40 

^jSiL-r. ^E©iSl»#IPI(C{3SStnJnJ»K:ctS4>© 
(**~fe>-fe;U) 15*ffilr>*#. Y(-f*hU9 

a) ©<fc^>^»jE©ffi^^jsic«. m^-^-^mmi 
©•c. &^jbmj!&©m&«*&s-c&&. 

[0 00 5] M^nm 1 6 «C J: K) . ^.#iSrt©^^7C^ 50 



#gg^5 - 1 9 4 0 8 5 
2 

©Mft*HKfc:«>«c. Sf^T-eK{b«JfSe5*^©fiSS 
(RHEED) SS§I*«. ISJfi*lS*3 *©» 

On sltuyCtrSCitflti**. RHEEDB, tttlft 
ffi{CHia*JMT«:* : F-M*AWS'&. ^*«;->l 8(CIbI 
&©?&&. C©^tc<fc9£A©j££tftHII 
#Slgr#. RH E E D©-e©»4|iJfflttilf. IS 

[0006] fcUi© «fc ^ (CM B E ft^i^S! i?JS©fiJJ*£ 

*«jtfe^ftii/raasn-ci,^c. w»u ±&©<fc 
^KMBEffirii^i ©ftteawstf k s n s *s^- n 6 $> 
•3. i»*0oian r TfWi3-&Ti»fc. c©/c«>ggfr9- 

JE«r* < -T S C i r> ft. *C V fi£*©iSS© 

£*•»©«&*». 3EK^^»*f|S. *5<fct>'CVDft-C 

£iS < ■*■ S C i *» oJ«gr*> £ . 
[0 00 7] L,#>U MBEarii:a£il©Ht#* 
»Jjt^<r»«c(,»i(f»^^?**'**3&s, MBES©^<© 

m&x o . c ©*ft zm^tm&mmffi&mim < 

6nt#/c„ ?Ct. N, O, NO, &i 

iftO, As -Grown (K^T.=--.»M980) rffife 

^tt^m-rsjg^n^^tx. wi&ws*«:ff tons =t 
stc&ofc. u*>u #e>nytjBe^»ii©Eg^jaa:» 

X^'5» £ft&£*(CJtl/"C+#tCiS< ft < . <fc <98tfjft® 
US. 

[0 00 8] 

a fc»©^«] ±fBsatcf& 

it&Ci*eWiL"C<cS*iytt»©'C*>)» MBEft* 

mi»r^ja«>3RBWb»©HSjBjHeawii*»fiwa*s 

«l:C«BlfflMHII©«d^*fflJr>*c 
[0 00 9] **WBC©<fc5tciBR5^*;H6i»«: 
frffi©a<7©^*ffll»-5Cit?^bSlS*{SjlS-t*-5 

ci#r*5. -rtttot. wsa©^x*fln,»*ci-ca 

*BWfc*j#5fcfc&©-C, BMbS«;*iSiS-i**ci3&sffi 

[ooio] jg«cffi©«wtt. mmx zxizmzvtf * 
»*ci*i$air*. ccD^^icTkfti&mzm&zc 

0. *diftS*i*ai)4Ci«c«fc»J. *©OH»tc J:*^ 



3 

[ooi l ] fgKSflcDfgiEtcfc^-ctt. ±IB©*#?g@: 

zn&tc a * zm&tj: mm => v> n )UD8&mt<cm at z 
<DmMm k m%. z n ft t > c £ « 4> <t <t o -c $> s „ 

[0012] 

[HiStun Si «^5^*;i/fcr-Aj®5rffl^ji^cM 

BE^S©«fBS0'C$>.5 <> JSMKiim^lBUff (RHE 10 

ed) m%.m*m&Lx&zifi> Q^V'y^m^^ 

[0013] C©0!|{C*J^-C«, Ymmfcm#<D— at? 

*€>SmBaCuOa{E««^?:f^-rSfcei?>. ^#?2S 
ibt^I-CSil.Sm, Ba, Cu^W-t>W5 

tcmmtu so (ioo) JtMssnas-c* <o> r-fe h > 
[o o i 4] M&iicffl&Tzwutffltvr. mm^n 

'M4^7^-f + fc<fc 9 Fir e>ftfcR F fifcfigtcfc 

/c. C©l$ig^#;l'£^/c#X«. T^'-^r^e 30 

^ra«6o^-c&f?. c©ra. grSmfrFUtmrn^is 

tt. 4x 1 O-'To r r-C^-So 



#M¥5- 194 08 5 

4 

[0015] miWit urwDjuwrn^v^^^om^ 

mSZtlZmS. ( f 1 ux) B. C©*§^. RFl^i 
T5®Mt:14©#* 1 OiL/t, TV:f -ftf-£ffll,/cg? 

^27 ju*^j«"C t -5 <fc 5 tc ft o tctc!t>T$>2>. 
[0016] ftfc\ ib$j5s©/cJ*>ttFlB^g^fflt>S£*^r^ 
5rtf-5fco a£AT£#Xl 0 i U-C^^fX(D*5rffl 

^^rfflC^Tff^tljfcSmB aCu OS£iI)iOiSf?ia 
[0017] 

[HIF©flMi«cBMin 

[01] ^HJ^SO-^WitCfeW^^^^^^f 

- A«*»*ii^M b e ^g©se§0-e& &„ 

[02] f&RSffftC&C* 5RHEED ai£$&tt*&4, 

[^©SiW] 

1 -ws. 



(4) 



^¥■5 - 1 9 4 0 8 5 



[HI ] 



[02] 



«*5 if* A'fc'-iffiSffl^iAA/fc'M B EKB 




t 



10 




LJ 




18 



12 



V 



-11 



13 



17 



16 




C51)Int.Cl . 5 

H 0 1 B 13/00 

H 0 1 L 39/24 

// H 0 1 B 12/06 



5 6 5 D 8936- 5G 
Z A A B 8728- 4M 
Z A A 8936- 5G 



F I 



